The endovascular treatment of wide-necked, large and giant aneurysms remains challenging. This retrospective study investigated the feasibility and safety of an intra-aneurysmal microcatheter looping technique for stent-assisted embolization of complicated intracranial aneurysms. This technique was used for 31 patients with complicated cerebral aneurysms from January 2007 to November 2013. The clinical and angiographic results were retrospectively evaluated. The target aneurysms were successfully treated in all cases (100%). A flow diverter was used in seven procedures. There were no aneurysmal perforations or ischemic complications, except for a microguidewire perforation of the distal vessel in one case. Among the 24 cases with conventional stent-assisted embolization, complete embolization or neck residual was obtained in 21 cases. Partial occlusion occurred in three cases. In conclusion, the intra-aneurysmal microcatheter looping technique is a safe and feasible alternative treatment of complicated intracranial aneurysms. This approach is a reasonable choice for patients and leads to successful outcomes.
Introduction
The endovascular treatment for large or giant widenecked intracranial aneurysms remains technically challenging. The use of multiple catheters, remodeling techniques and stent-assisted coiling have all emerged as safe and efficient treatment modalities for many complex aneurysms. [1] [2] [3] [4] However, morphologically complex fusiform aneurysms and extremely widenecked aneurysms with severe vascular tortuosity or complex neck configurations make stent delivery by microcatheter difficult. This increased difficulty may result in procedure failure. 5 In this study, we present the intra-aneurysmal microcatheter looping technique to overcome difficulties encountered in the superselection of distal access for stent-assisted embolization of complicated aneurysms.
Materials and methods

Patient population
This retrospective study was approved by the institutional review board and informed consent was waived. From January 2007 to November 2013, 31 patients with complex intracranial aneurysms underwent successful stent-assisted embolization using the intraaneurysmal microcatheter looping technique at our institution. The patients presented with aneurysms at the following locations: one at the anterior communicating artery (AcomA), four at the middle cerebral artery (MCA) bifurcation, six at the basilar artery (BA) apex, and 20 at the cavernous or paraclinoid segment of the internal carotid artery (ICA) (20 male and 11 female; mean age, 54 AE 18 years). The aneurysm sizes ranged from 9 to 28 mm, and the average was 17 mm. All aneurysms were unruptured wide-necked aneurysms (wide-neck defined as >4 mm or dome-to-neck ratio of 2).
Procedure
All endovascular procedures were performed under general anesthesia with systemic heparin treatment. A 6-7 F guiding catheter (Envoy, Cordis, Miami Lakes, FL, USA; 6 F Chaperon, Terumo) was introduced into the proximal parent artery. A standard microcatheter (Echelon-10, Echelon-14 or Prowler-14) was steamshaped according to the aneurysm morphology and the angle between the proximal and distal parent vessel. The intra-aneurysmal microcatheter looping technique was used after attempts to achieve neck bypass with standard devices and techniques had failed. The technique of microcatheter looping is shown in Figure 1 . A high supportive exchange microguidewire (Transend floppy 300 cm, Stryker) was then placed distally through the microcatheter. In an exchange procedure, the microcatheter was removed and replaced with a Prowler Select Plus catheter (Codman) or an Endopipe catheter (Microport, Shanghai) for stent delivery. Subsequently, another microcatheter for coil embolization was advanced into the aneurysm sac. The aneurysms were embolized using a stent jailing or semi-jailing technique (see an illustrative case in Figure 2 ). There were six BA apex aneurysms incorporated with the bilateral posterior cerebral artery (PCA). Thus, we attempted to superselect the PCA deeply incorporated into the sac. A Y-configuration stent placement was used in four cases including a crossing Y-configuration in three cases and the kissing technique in one case. 6 
Anticoagulation and antiplatelet regimens
Aspirin (100 mg/day) and clopidogrel (75 mg/day) were administered to all patients for a minimum of three days before the procedure. The patients received dual antiplatelet therapy for six weeks, followed by life-long continuation of aspirin. The activated clotting time was maintained at two to three times the baseline throughout the procedure.
Clinical and angiographic follow-up
The embolization outcome was assessed by immediate angiogram in working projection and posterior-anterior projection. The successful stent deployment was defined as complete coverage of the aneurysm neck without protrusion into the sac and patency of the parent vessel. Aneurysm occlusion was categorized based on the Raymond scale 7 as complete occlusion (Raymond class I), residual neck (Raymond class II) and residual aneurysm (Raymond class III). Clinical visits or phone calls were scheduled at one month, Figure 1 . A schematic diagram of the intra-aneurysmal microcatheter looping technique. (a) A large aneurysm of ICA is shown. (b) A microguidewire with better torque is used to access the distal parent vessel. Inserting the microcatheter and looping the microwire can be easily accomplished. (c) A one-to-two round loop can be created in the microcatheter by advancing it along the looped wire. The microcatheter is then passed though the microguidewire as distal as possible, but not in a wedge position, within the cerebral circulation. (d)-(g) The microguidewire is retracted proximal to the first microcatheter loop and gentle traction is applied to the microcatheter to straighten the loop. Then, the microguidewire is advanced into the proximity of the next round loop, and the microcatheter is retracted again. (h) The steps above are repeated, and the intra-aneurysmal microcatheter is straightened to cover the aneurysm neck. ICA: internal carotid artery. three months, six months, 12 months, and then every year after treatment. A magnetic resonance angiography (MRA) was performed three months after the procedure. A digital subtraction angiography (DSA) was conducted at six months and at the annual MRA follow-up. The follow-up results were classified as follows: complete occlusion, further thrombosis, stable occlusion, or recurrence.
Results
All stents were deployed successfully, and the technical success rate was 100%. No patients experienced aneurysm perforation. The parent vessels maintained patency in all patients, without stent thrombosis or vessel occlusion. There was one case of a paraclinoid aneurysm that experienced asymptomatic intraparenchymal hematoma caused by a microguidewire perforation, which was found by postoperative computed tomography (CT) scan. The patient recovered well after conservative treatment.
A flow diverter was used in seven patients, and conventional stent-assisted embolization was performed in the other 24 patients. Among the 24 patients treated with conventional stent-assisted embolization, complete occlusion of aneurysms was achieved in eight patients, residual neck in 13 patients, and residual aneurysm in three patients. After a mean follow-up period of nine months, 20 patients were evaluated by DSA. Fourteen patients were completely cured. The other patients had additional thrombosis. The average clinical follow-up time of all 31 cases was 11 months and all cases had was advanced in place. Then, the microcatheter was removed and replaced with an Endopipe catheter (Microport, Shanghai) for stent delivery. Subsequently, another coil microcatheter was advanced into the aneurysm to introduce coils. After the stable delivery and detachment of two coils was achieved to partially embolize the aneurysm, two Tubridge stents were deployed successively. (e) Six coils were then introduced into the aneurysm at the end of the procedure. The post-embolization DSA revealed a residual aneurysm. (f) The patient recovered with no new positive signs, and further thrombosis was noted at the six-month angiography follow-up (the right ACA is supplied by the contralateral ICA). The patient did not experience further headaches, and the eyesight in her right eye recovered from 0.3 to 0.8. ICA: internal carotid artery; DSA: digital subtraction angiography; MCA: middle cerebral artery; ACA: anterior cerebral artery. an acceptable outcome modified Rankin Scale (mRS) score, 0-1). There were no patients with neurological deficits during follow-up.
Discussion
The advancement in endovascular devices and techniques has led to an increasing number of intracranial aneurysms that can be treated with an endovascular approach. The application of microcatheter protection, balloon remodeling, and stent-assisted embolization techniques has permitted complicated aneurysms to be treated by endovascular therapy. [1] [2] [3] [4] The stentdelivery catheter can directly bridge the aneurysm neck when assisted by the microguidewire. A primary bypass of the aneurysm neck may also fail in cases with large or giant aneurysms and aneurysms with obvious circuity and angularity of the inflow and outflow tracts.
Previous studies have reported novel and useful techniques to address this problem. Cho et al. 8 used a microcatheter looping technique to facilitate microguidewire manipulation for treatment of MCA aneurysms with acutely angled efferent vessels. In cases with large/ giant aneurysms or difficult neck configuration, successfully placing the microguidewire into the distal vessel may still lead to the microguidewire and microcatheter protruding into the aneurysm because the microguidewire is not supported. The modified intra-aneurysmal microcatheter looping technique we describe is more suitable for aneurysms with complex configurations. Although cases in this group were considered difficult or incurable by many other hospitals, our technical success rate reached as high as 100%. There are several key factors to ensure technical success. First, exactly reshaping the tip of the catheter and microguidewire is crucial to access the distal artery successfully. Second, the intra-aneurysmal looping microcatheter should be determined based on the location and size of the aneurysm. For aneurysms at AcomA, MCA, or the BA apex, softer microcatheters (Echelon 10, Prowler 14) are better choices. For cavernous or paraclinoid aneurysms, catheters with stronger support (Echelon 14, Prowler Select Plus) are considered more appropriate.
After gaining access to the distal vessel, straightening the looping microcatheter is another technical problem. Several anchoring techniques have been proposed to overcome this issue. Cekirge et al. 9 reported their experience using a Hyperform balloon as a stable anchor at the distal vessel, followed by the use of balloon-assisted embolization or the introduction of a stent delivery catheter to complete stent-assisted embolization. Fargen et al. 10 described a stent anchor technique involving partial deployment of a stent distal to the aneurysm to create a stable anchoring position against the vessel wall. The coil-anchor technique had also been proposed. 11 Oran et al. 12 described a rapid pull-back technique without the use of any assisting devices. In this study, the friction between the curved distal vessel and the microcatheter offers stability to the tip of the microcatheter. The microcatheter should be advanced as far as possible. However, the torque of the microguidewire may be reduced in patients with tortuous anatomy of proximal parent vessels. These cases require extensive familiarity with the characteristics of various microguidewires. The displacement of vessels occurs when the microcatheter or microguidewire reaches the distal position. Thus, using the major branch is the preferred access route to avoid perforating vessels. Furthermore, the location of the catheter tip should be confirmed periodically.
The intra-aneurysmal microcatheter looping technique may also fail. The most severe and life-threatening complication is intra-procedure aneurysm rupture. Therefore, careful patient selection and precise skills are crucial to technique success. This technique should be considered in cases after all conventional approaches have failed. The requirement for this technique is an unruptured aneurysm with smooth aneurysmal walls and no obvious lobules and thrombosis. Although a previous study described intra-luminal stent navigation for the embolization of wide-necked aneurysms, 13 navigating the stent delivery system directly may increase the risk of rupture. In addition, gentle and precise manipulation guarantees the safety of the procedure.
Conclusion
The intra-aneurysmal microcatheter looping technique is a safe and feasible alternative technique for stentdelivery catheter advancement, especially for endovascular treatment of complicated intracranial aneurysms. The patients and instruments must be selected carefully to ensure the successful application of the technique.
